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Abstract
Subretinal injections of human retinal pigment epithelial (RPE) cells early in the course of retinal degeneration in Royal College
of Surgeons (RCS) rats can rescue photoreceptors. Fourteen injected animals were studied using a double ﬂash electroretinogram
(ERG): 10 were examined longitudinally and four terminally with immunohistochemistry. The proportion of cone contribution to
the ERG b-wave rather than the absolute size of isolated cone response proved to be a reliable indicator of function over time and a
predictor of the proportion of cones identiﬁed anatomically in the area of optimal photoreceptor rescue.
 2004 Elsevier Ltd. All rights reserved.
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The Royal College of Surgeons (RCS) rat has a reces-
sive mutation in the gene encoding for the receptor tyr-
osine kinase, Mertk (DCruz et al., 2000). As a result,
retinal pigment epithelial (RPE) cells fail to phagocytose
shed rod outer segments eﬀectively and photoreceptors
subsequently die (Bourne, Campbell, & Tansley, 1938;
Dowling & Sidman, 1962). This pathology is autologous
to a recently discovered form of retinitis pigmentosa
(Gal et al., 2000), and by virtue of the RPE defect being
the primary cause of the degeneration, can serve as an
analogous model of some aspects of age related macular
degeneration. The RCS rat has been used extensively to
understand retinal degeneration and develop potential
treatments such as growth factor delivery (Machida
et al., 2001), gene therapy (Vollrath et al., 2001) and cell
based therapies (Li & Turner, 1991; Lund et al., 2001).
Rescue is not always evenly spread across the whole ret-
ina: this is particularly pertinent in the case of cell based0042-6989/$ - see front matter  2004 Elsevier Ltd. All rights reserved.
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methods such as full ﬁeld ERG for measuring eﬃcacy.
During the course of photoreceptor degeneration, there
is a more rapid loss of rods and a slower depletion of
cones. Rod function in RCS rats is already compro-
mised by P21 (Girman, Wang, & Lund, 2004; Pinilla,
Lund, & Sauve´, 2004) while cone function starts declin-
ing only after P44 (Pinilla et al., 2004) and persists to
late degenerative stages (Bush, Hawks, & Sieving,
1995; Cicerone, Green, & Fisher, 1979; Noell & Salin-
sky, 1985). Since rescue treatments may have a diﬀeren-
tial eﬀect on these two populations, it is essential to
monitor individual rod and cone-related changes non-
invasively, especially when the rescue does not encom-
pass the whole area of retina.
The current study was undertaken with the aim of
being able to assess rod and cone function over time
and ideally also to predict anatomical ﬁndings following
subretinal injections of cells to limit photoreceptor loss
in RCS rats. To achieve this, ERG analysis was used
under dark-adapted conditions to record ﬁrst the mixed
rod and cone full ﬁeld response and then by giving a pre-
ﬂash, the cone-mediated response. The rod response was
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mixed response (Birch, Hood, Nusinowitz, & Pepper-
berg, 1995; Lyubarsky, Falsini, Pennesi, Valentini, &
Pugh, 1999; Nixon, Bui, Armitage, & Vingrys, 2001; Pi-
nilla et al., 2004). This approach made it possible to
monitor changes in rod and cone-related responsiveness
simultaneously over time in untreated RCS rats (Pinilla
et al., 2004). We found that the ERG b-wave changed
from being predominantly rod-driven to being purely
cone-driven by P74.
In the present study we have examined the changes in
rod and cone contribution to the ERG over time after
subretinal cell injections of human RPE cells and corre-
lated this functional data with the anatomically deﬁned
proportion of rods and cones within the retina, both in
the area best protected by the injected cells and more
distant.2. Methods
2.1. Animals
A total of 14 dystrophics RCS rats (rdy+ p+) that had
received preventive subretinal injections of the ARPE-19
cell line at P21, were used in this study. At P59, the rel-
ative contribution of the rod and cone input to the ERG
b-wave was examined using a double ﬂash protocol. At
P90, this test was repeated in 10 animals, while the
remaining four animals were perfused and their retinas
examined with immunohistochemistry. Additional un-
operated rats from previous work (Sauve´ et al., 2003)
provided reference control material. All animals were
bred in a colony at the University of Utah, and main-
tained under a 12h light/dark cycle (light cycle mean
illumination: 30cd/m2). The animals were housed and
handled with the authorization and supervision of the
Institutional Animal Care and Use Committee at the
University of Utah. Experiments were carried out in
accordance with the Guidelines laid down by the NIH
regarding the care and use of animals for experimental
procedures; adequate measures were taken to minimize
pain and discomfort.
2.2. Donor cell treatment
At age P21, animals received trans-scleral subretinal
injections of a suspension of a human RPE cell line
(ARPE-19, available from the ATCC, American Tissue
Culture Collection; reference number: CRL-2302) as
previously described (Lund et al., 2001). Injections were
made to the mid-temporal region of the right retina.
Animals received daily intraperitoneal dexamethasone
injections for 14 days (85mg/kg), and were all main-
tained on oral cyclosporin A for the length of the exper-
iment to limit human cell line rejection.2.3. Electroretinogram recordings
The dark adapted ERG was recorded as previously
described (Sauve´, Lu, & Lund, 2004). A double ﬂash
protocol was used to isolate cone responses. A condi-
tioning ﬂash was followed 1s later by a probe ﬂash.
The role of the conditioning ﬂash in this paradigm is
to saturate rods transiently so that they are rendered
unresponsive to the probe ﬂash (Lyubarsky & Pugh,
1996; Lyubarsky et al., 1999; Nixon et al., 2001). The
probe ﬂash was set at 1.4 logcds/m2, since it gave opti-
mal a- and b-wave amplitudes in both non-dystrophics
and dystrophics (aged from P21 to P100) when pre-
sented alone (Sauve´ et al., 2004). The intensity of the
conditioning ﬂash for complete rod bleaching was set
to 1.4 logcds/m2 for all tests. This was based on prelim-
inary observations using a range of luminance levels.
The response to a probe ﬂash (1.4 logcds/m2), preceded
by the conditioning ﬂash, was taken as reﬂecting cone-
driven activity. The mixed b-wave was obtained by
presenting the probe ﬂash alone, i.e. without being
preceded by a conditioning ﬂash. Averages of 3–5
traces (set at 2min apart to assure full recovery of
rod responsiveness) were suﬃcient to obtain clear
responses.
The proportion of cone contribution to the mixed
b-wave was based on the ratio of cone b-wave amplitude
over mixed b-wave amplitude.
Finally, since variation in electrode placement can al-
ter the amplitude of the b-wave by up to 30–40% (see re-
view by Nusinowitz, Ridder, & Heckenlively, 2002),
special care was taken to maintain the same position
in all animals.
2.4. Immunostaining
At age P90, four of the animals were euthanized
with a lethal dose of urethane (12.5g/kg i.p.) and per-
fused transcardially with phosphate buﬀered saline
(PBS). Eyes were enucleated, the eyecups ﬁxed in 2%
paraformaldehyde in 0.1M PBS at pH 7.4 for 1h
and washed in 0.1M PBS before cryoprotection in
10% sucrose for 1h, 20% sucrose for 1h and 30% su-
crose overnight at 4 C. On the next day, the eye cups
were embedded in OCT and horizontal sections cut at
10lm thickness using a cryostat, and mounted on glass
slides. Sections were incubated in 10% normal goat ser-
um (Jackson, West Grove, PA) to avoid non-speciﬁc
staining. Without washing, they were immuno-stained
with anti-cone transducin c rabbit polyclonal antibody
(Cytosignal, Irvine, Ca) diluted 1:500 in PBS contain-
ing 0.5% Triton X-100. Sections were incubated over-
night at room temperature, washed in 0.1M PBS,
and transferred to a secondary antibody (goat anti-rab-
bit IgG coupled to ﬂuorescein isothiocyanate, FITC) in
a 1:100 dilution in 0.1M PBS 0.5% Triton X-100, for
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mounted in watermount (Vector Labs) and cover-
slipped for viewing by confocal microscopy (Zeiss
LSM 510). Pinholes were 95mm and the zoom was al-
ways set at 1.4. To control for non-speciﬁc staining,
some sections were stained without presence of the pri-
mary antibody.
2.5. Estimate of cone proportion
A single horizontal retinal section through the center
of the area of maximal rescue, adjacent to the injection
site, was used for each animal. Five windows (160 ·
160lm) were selected for each section: one central to
the site of injection (deﬁned as the site with cellular
changes caused by the injection needle), two on each side
of the site of cell injection (at levels where debris started
to be seen) and two in the periphery of the retina, tem-
porally and nasally, respectively. The images were gener-
ated by projecting four single frames, separated by 1lm
(0.95–1.05lm) in depth. Colour TIFF images were con-
verted to black and white, and contrast enhanced using
Adobe Photoshop software. The number of cone and
rod cell bodies was counted in each window in order
to obtain the proportion of cones over total number of
photoreceptors. Photoreceptors were counted by two
diﬀerent observers.
2.6. Statistical analysis
Mann–Whitney U-test was used to compare the
counts obtained from the two independent observers,
and possible correlations were examined using Spear-
man Correlation analysis. Kendall rank analysis was
used to compare ranking of the 10 animals at two time
points. Linear regression was used to obtain the coef-
ﬁcient of determination, r2 (values represent the ad-
justed value) and the signiﬁcance level ‘‘p’’ of the
correlation between ERG and anatomical data in four
animals. All statistics were calculated using StatView
software (SAS Institute Inc.). Signiﬁcance was set at
p 6 0.05.3. Results
In all 14 animals that had received subretinal cell
injections, the mixed b-waves varied one from another
(Fig. 1 and Table 1) with respect to amplitude and impli-
cit time latency. Observation of the wave forms from
the 10 animals recorded longitudinally (Fig. 1) indicate
that there are two diﬀerent patterns in the temporal as-
pect of the mixed b-wave: three traces show prolonged
latency (#1, 5, and 6) with 2 of the 3 traces (#1 and 5)
having minimal rod contribution to the mixed b-wave
and low amplitude response at P90. The rest (7 outof 10) have shorter latencies, larger rod contribution
to the mixed b-wave and more prominent oscillatory
potentials.
There was no consistent relationship between the pro-
portion of cone input to the mixed b-wave and the
amplitude of the mixed b-wave. This included animals
with pure cone contribution to the mixed b-wave.
There was deterioration in ERG responsiveness from
P59 to P90 (Fig. 1) seen as an absolute diminution in
b-wave amplitude and increase in the proportion of cone
contribution to the mixed b-wave (Table 1). This latter
proved to be a reliable predictor of ranking with age.
The ranking among animals, according to the propor-
tions of isolated cone b-wave to the mixed b-wave,
was the same at the P59 and P90. Values at P59 were:
32%, 37%, 41%, 43%, 47%, 63%, 65%, 68%, 87%, and
95%. Values at P90 for the same animals, presented in
the same order were: 62%, 75%, 83%, 79%, 84%, 91%,
91%, 100%, 100%, and 100% (p = 0.005 using Kendall
rank analysis).
In the four animals tested with ERG at P59 (Fig. 2)
and used for anatomical studies at P90, mixed b-waves
had amplitudes of 168, 30, 116, and 114lV, respectively
for animals #11 to #14 (Table 2). The corresponding
absolute amplitudes of isolated cone b-waves were 109,
30, 66, and 41lV, giving proportions of isolated cone
b-wave to the mixed b-wave of 65%, 100%, 57%, and
36%, respectively.
Fig. 3 illustrates transducin immunostaining at P90.
Cones, including their cell bodies, inner segments, and
pedicles in the outer plexiform layer, were heavily
stained. There was light non-speciﬁc staining outlining
the rod cell bodies, allowing these cells to be quantiﬁed.
This antibody also recognized speciﬁc subtypes of cone
bipolar cells; these cells lay in the inner nuclear layer
(INL) and were excluded from this study. There were
no statistical diﬀerences between counts obtained from
the two independent observers (U-test p > 0.05; Spear-
man correlation r = 0.98). The average from both counts
was used. For each window, the absolute number of
cones varied from 1 to 15 and rods from 15 to 203.
The total number of photoreceptors was highest in the
areas of retina adjacent to the injection site, due largely
to greater rod preservation; this led to a lower propor-
tion of cones in such areas.
The correlation levels between the cone contribution
to the mixed b-wave and cone proportions determined
in speciﬁc retinal areas following preventive subretinal
cell injection are shown in Table 1. Correlations reached
statistical signiﬁcance for areas of maximal rescue imme-
diately adjacent to the injection site. Highest levels of
statistical signiﬁcance were obtained when considering
averages from all ﬁve regions, which also gave the high-
est coeﬃcient of determination. No correlations were
seen when considering areas from either temporal or
nasal retinal periphery alone.
#10
#9
#8
#7
#6
#5
#4
#3
#2
#1
P89P53
100µV
50 msec 
Fig. 1. ERG traces of the 10 animals studied at P59 (left) and P90 (right). Mixed (bold trace) and isolated cone (thin trace) responses are shown. The
identiﬁcation number of respective animals is indicated on the left of each trace.
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4.1. Summary and relevance of ﬁndings
The present study shows that: (1) there are diﬀerential
changes in rod and cone function following transplant-
mediated photoreceptor rescue, which have a counter-
part with ﬁndings of early rod deterioration in RCS rats
(Davidorf et al., 1991; Dowling & Sidman, 1962; Peng,
Senda, Hao, Matsuno, & Wong, 2003); (2) the assess-
ment of cone/rod ratio is a better indicator of functional
rescue than is the absolute amplitude and this overcomes
the problem of variable area of retina rescued; and (3)the anatomical rescue of rods is not in concert with
rod ERG responses but correlates more closely with
the measured ratios. This is in accord with previous light
and dark adaptation studies (Girman et al., 2004) show-
ing poor rod function in RCS rats following preventive
subretinal cell injections and perhaps is a sign of the
interdependence of rods and cones involving some
mechanism such as diﬀusible factors, as proposed by
Mohand-Said et al. (Mohand-Said, Hicks, Dreyfus, &
Sahel, 2000).
Recent studies on untreated RCS rats (Pinilla et al.,
2004) have demonstrated that the cone/rod ERG ratio
increases with the progression of retinal degeneration
Table 1
Data from the 14 animals used in this study (identiﬁcation number of respective animals shown on left column) are given in respective rows, with
corresponding ERG parameters for the recordings done at P59 (for all 14 animals) and P90 (animals #1 to #10)
# P59 P90
Mixed b-wave
amp (lV)
Cone b-wave
amp (lV)
Cone contribution to
mixed b-wave (%)
Rank Mixed b-wave
amp (lV)
Cone b-wave
amp (lV)
Cone contribution to
mixed b-wave (%)
Rank
1 175 110 63 6 28 25 91 6,7
2 141 60 43 4 54 43 79 3
3 117 111 95 10 81 81 100 8,9,10
4 202 83 41 3 62 51 83 4
5 136 118 87 9 36 36 100 8,9,10
6 96 31 32 1 88 55 62 1
7 90 33 37 2 32 24 75 2
8 115 54 47 5 25 21 84 5
9 98 64 65 7 11 10 91 6,7
10 99 67 68 8 46 46 100 8,9,10
11 168 109 65
12 30 30 100
13 116 66 57
14 114 41 36
Ranking is from the lowest to the highest percentage of cone contribution to the mixed b-wave.
#11 
#12 
#13 
#14 
100µV
50msec
Fig. 2. ERG traces of the four animals used for anatomical studies.
Mixed (bold trace) and isolated cone (thin trace) responses at P59 are
shown. The identiﬁcation number of respective animals is indicated on
the left of each trace.
I. Pinilla et al. / Vision Research 45 (2005) 635–641 639in RCS rats. Since the rationale of using preventive
subretinal transplantation is to slow degeneration, then
the maintenance of a lower cone/rod ratio should pre-
dict a more sustained preservation. Furthermore, ana-
tomical studies have shown that the progression of
retinal degeneration in RCS rats is also accompanied
by an increase in the number of cones versus rods at
the anatomical level (Cicerone et al., 1979; Peng et al.,
2003).
4.2. ERG results
The validity of quantifying cone function under sco-
topic adaptation (which is conducive to the simulta-neous assessment of rod and cone function), using a
double ﬂash protocol, was veriﬁed by comparing the
present results with results obtained using single ﬂash
ERG under photopic adaptation (Sauve´, Pinilla &
Lund, unpublished results).
The variations in amplitude and latency of the mixed
b-waves recorded here are similar to the variations be-
tween recordings in untreated animals (Pinilla et al.,
2004), and this might reﬂect diﬀerences in the rate of
retinal degeneration between animals. In addition, the
outcome of subretinal cell injections on anatomy and
function is likely to vary between animals due to factors
such as the extent of retinal detachment produced by the
subretinal injection, the number of cells remaining in
that space, the duration of survival of the donor cells,
and their eﬀect on host cells.
In addition to the low proportion of rods, a prolon-
gation in b-wave latency, is also indicative of more ad-
vanced stages of degeneration (Berson, Gouras, &
Hoﬀ, 1969). With the progression of the degeneration,
untreated RCS rats show increased b-wave latencies
that are more pronounced for cone rather than rod
contribution of the b-wave (see traces in Fig. 4 of
Pinilla et al., 2004). A delay in b-wave implicit time
might reﬂect a poor or absent rescue eﬀect of the cell
injections in addition to more rapid baseline degenera-
tion. Some retinal degenerations produce changes in
b-wave implicit time before changes in amplitudes
(Berson et al., 1969).
The results do show a degree of deterioration in reti-
nal function with time. Similar deterioration has been
found in previous studies, in which the area of higher
sensitivity becomes more conﬁned over time (Sauve´
et al., 2003) and in behavioral studies in which the acuity
decreases with age post-injection (McGill et al., 2004).
Table 2
Correlation between ERG and anatomical data. Data from the four animals used for anatomical studies (#11 to #14) are shown in respective rows.
Last two rows (labeled ‘‘correl’’ on the right to indicate ‘‘correlation’’): parameters relative to linear regression analysis (r2 and p values) comparing
cone contribution to the mixed b-wave with cone proportions determined anatomically in each of the ﬁve retinal areas and ﬁnally with the average of
proportions from all ﬁve areas (right column)
RCS rat # Cone contribution to
mixed b-wave (%)
Proportion of photoreceptors which are cones (%)
Temporal
periphery
Temporal adjacent
injection
Including
injection site
Nasal adjacent
injection
Nasal periphery Average of all
ﬁve areas
11 65 11.9 6.5 5.3 6.7 9.0 7.9
12 100 6.6 15.3 12.6 13.1 15.6 12.6
13 57 5.6 6.6 4.3 9.3 8.4 6.8
14 36 3.4 3.1 2.8 4.1 11.25 4.93
correl r2 value 0.124 0.944 0.913 0.765 0.172 0.984
p value 0.65 0.02 0.03 0.08 0.33 0.005
Note that the area deﬁned as ‘‘including injection site’’ was centered on the area of maximal photoreceptor rescue.
Fig. 3. Example of anti-cone transducin c immunostaining to quantify
the number of cones versus the total number of photoreceptors.
Sections were taken from the center of the injection site (A) and the
temporal periphery (B) of a P90 injected rat. Over the outer nuclear
layer (ONL), the debris zone can be seen. Arrows indicate cone
staining. Lozenges indicate some of the rods as outlined by the faint
background staining. Star symbol shows a cone bipolar, note its
location in the inner nuclear layer. INL: inner nuclear layer. Scale bar
represents 20lm.
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up to P150 in animals that had received preventive injec-
tions, visual responses can still be elicited centrally at
this age, measured both physiologically and behavi-
orally (Coﬀey et al., 2002; Lund et al., 2001; McGill,
Douglas, Lund, & Prusky, 2004; Sauve´, Girman, Wang,
Keegan, & Lund, 2002).4.3. Correlation between ERG function and anatomy
Correlations were seen for areas in the center and
adjacent to the injection site: these areas tended to have
the highest number of photoreceptors. Comparison be-
tween ERG results and anatomical observations from
all areas achieved the highest correlation. This might
be related to the fact that the ERG reﬂects activity from
the whole eye and implies that remaining cones might be
functional. Furthermore, despite the anatomical obser-
vation that the highest proportion of cones reached only
15.6% in individual retinal areas studied, and 12.6% for
averaged areas (from the same animal), the correspond-
ing functional data indicated that more than 80% of
rods made no contribution to the b-wave. One possible
explanation is that rods do not establish a normal rela-
tionship with the implanted RPE cells, suﬃcient to
achieve cycling of photopigments. Cone function may
be preserved because evidence suggests that their photo-
pigment cycling can occur in partnership with Mu¨ller
cells (Mata, Radu, Clemmons, & Travis, 2002).
4.4. Conclusion
The present results validate the use of the double
ﬂash ERG to assess cone preservation as a result of cell
based therapy, and show that cone/rod functional ratios
provide a good indicator of the relative rescue of cones
as determined anatomically.Acknowledgments
The authors would like to thank Dr. Shaomei Wang
for having prepared the human RPE cell line and Mrs.
Xiaoying Cheng for her technical assistance. This work
was supported by grants from Foundation Fighting
Blindness, NIH (EY14038), Wynn Foundation, Re-
search to Prevent Blindness and a joint equipment grant
I. Pinilla et al. / Vision Research 45 (2005) 635–641 641from the University of Utah. Dr. I Pinilla was supported
by a grant from the Spanish Government (FIS 02/5010).References
Berson, E. L., Gouras, P., & Hoﬀ, M. (1969). Temporal aspects of the
electroretinogram. Archives of Ophthalmology, 81, 207–214.
Birch, D. G., Hood, D. C., Nusinowitz, S., & Pepperberg, D. R.
(1995). Abnormal activation and inactivation of rod transduction
in patients with autosomal dominant retinitis pigmentosa and the
Pro-23-His mutation. Investigative Ophthalmology and Visual
Science, 36, 1603–1614.
Bourne, M. C., Campbell, D. A., & Tansley, K. (1938). Hereditary
degeneration of the rat retina. British Journal of Ophthalmology, 22,
613–623.
Bush, R. A., Hawks, K. W., & Sieving, P. A. (1995). Preservation of
inner retinal responses in the aged Royal College of Surgeons rat.
Evidence against glutamate excitotoxicity in photoreceptor degen-
eration. Investigative Ophthalmology and Visual Science, 36,
2054–2062.
Cicerone, C. M., Green, D. G., & Fisher, L. J. (1979). Cone inputs to
ganglion cells in hereditary retinal degeneration. Science, 203,
1113–1115.
Coﬀey, P. J., Girman, S., Wang, S. M., Hetherington, L., Keegan, D.
J., Adamson, P., et al. (2002). Long-term preservation of cortically
dependent visual function in RCS rats by transplantation. Nature
Neuroscience, 5, 53–56.
Davidorf, F. H., Mendlovic, D. B., Bowyer, D. W., Gresak, P. M.,
Foreman, B. C., Werling, K. T., & Chambers, R. B. (1991).
Pathogenesis of retinal dystrophy in the Royal College of Surgeons
rat. Annals of Ophthalmology, 23, 87–94.
DCruz, P. M., Yasumura, D., Weir, J., Matthes, M. T., Abderrahim,
H., LaVail, M. M., et al. (2000). Mutation of the receptor tyrosine
kinase gene (Mertk) in the retinal dystrophic RCS rat. Human
Molecular Genetics, 9, 645–651.
Dowling, J. E., & Sidman, R. L. (1962). Inherited retinal dystrophy in
the rat. Journal of Cell Biology, 14, 73–109.
Gal, A., Li, Y., Thompson, D. A., Weir, J., Orth, U., Jacobson, S. G.,
Apfelstedt-Sylla, E., & Vollrath, D. (2000). Mutations in MERTK,
the human orthologue of the RCS rat retinal dystrophy gene, cause
retinitis pigmentosa. Nature Genetics, 26, 270–271.
Girman, S. V., Wang, S., & Lund, R. D. (2004). Cortical visual
functions can be preserved by subretinal RPE cell grafting in RCS
rats. Vision Research, 43, 1817–1827.
Li, L., & Turner, J. E. (1991). Optimal conditions for long-term
photoreceptor cell rescue in RCS rats: the necessity for healthy
RPE transplants. Experimental Eye Research, 52, 669–679.
Lund, R. D., Adamson, P., Sauve´, Y., Keegan, D., Girman, S., Wang,
S., et al. (2001). Subretinal transplantation of genetically modiﬁed
human cell lines attenuates loss of visual function in dystrophic
rats. Proceedings of the National Academy of Sciences USA, 98,
9942–9947.
Lyubarsky, A. L., & Pugh, E. N., Jr. (1996). Recovery phase of the
murine rod photoresponse reconstructed from electroretinographic
recordings. Journal of Neuroscience, 16, 563–571.
Lyubarsky, A. L., Falsini, B., Pennesi, M. E., Valentini, P., & Pugh, E.
N., Jr. (1999). UV- and midwave-sensitive cone-driven retinalresponses of the mouse: A possible phenotype for coexpression of
cone photopigments. Journal of Neuroscience, 19, 442–455.
Machida, S., Chaudhry, P., Shinohara, T., Singh, D. P., Reddy, V. N.,
Chylack, L. T., Jr., et al. (2001). Lens epithelium-derived growth
factor promotes photoreceptor survival in light-damaged and RCS
rats. Investigative Ophthalmology and Visual Science, 42,
1087–1095.
Mata, N. L., Radu, R. A., Clemmons, R. C., & Travis, G. H. (2002).
Isomerization and oxidation of vitamin a in cone-dominant retinas:
a novel pathway for visual-pigment regeneration in daylight.
Neuron, 36, 69–80.
McGill, T. J., Douglas, R. M., Lund, R. D., & Prusky, G. T. (2004).
Quantiﬁcation of spatial vision in the Royal College of Surgeons
rat. Investigative Ophthalmology and Visual Science, 45, 932–936.
McGill, T. J., Lund, R. D., Douglas, R. M., Wang, S., Lu, B., &
Prusky, G. T. (2004). Preservation of vision following cell-based
therapies in a model of retinal degenerative disease. Vision
Research, 44, 2559–2566.
Mohand-Said, S., Hicks, D., Dreyfus, H., & Sahel, J. A. (2000).
Selective transplantation of rods delays cone loss in a retinitis
pigmentosa model. Archives of Ophthalmology, 118, 807–811.
Nixon, P. J., Bui, B. V., Armitage, J. A., & Vingrys, A. J. (2001). The
contribution of cone responses to rat electroretinograms. Clinical
and Experimental Ophthalmology, 29, 193–196.
Noell, W. K., & Salinsky, M. C. (1985). Preservation of visual evoked
cortical responses at advanced state of retinal degeneration in the
rdy rat. In M. M. LaVail, J. G. Hollyﬁeld, & R. E. Anderson
(Eds.), Retinal degeneration (pp. 301–320). New York: Alan R.
Liss.
Nusinowitz, S., Ridder, W. H., & Heckenlively, J. R. (2002).
Electrodiagnostic techniques for visual function testing in mice.
In R. Smith, S. W. M. John, P. M. Nishina, & J. P. Sundberg
(Eds.), Systematic evaluation of the mouse eye: Anatomy, pathology,
and biomethods. New York: CRC Press.
Peng, Y. W., Senda, T., Hao, Y., Matsuno, K., & Wong, F. (2003).
Ectopic synaptogenesis during retinal degeneration in the Royal
College of Surgeons rat. Neuroscience, 119, 813–820.
Pinilla, I., Lund, R. D., & Sauve´, Y. (2004). Contribution of rod and
cone pathways to the dark-adapted electroretinogram (ERG) b-
wave following retinal degeneration in RCS rats. Vision Research,
44, 2467–2474.
Sauve´, Y., Girman, S. V., Wang, S., Keegan, D. J., & Lund, R. D.
(2002). Preservation of visual responsiveness in the superior
colliculus of RCS rats after retinal pigment epithelium cell
transplantation. Neuroscience, 114, 389–401.
Sauve´, Y., Girman, S .V., Pinilla, I., Wang, S., Lu, B., Wood, P.,
et al. (2003). Preservation of retinal and central visual responses
after subretinal transplantation of human Schwann cells in
dystrophic RCS rats. Society for Neuroscience Abstract 453.14
(Abstract).
Sauve´, Y., Lu, B., & Lund, R. D. (2004). The relationship between full
ﬁeld electroretinogram and perimetry-like visual thresholds in RCS
rats during photoreceptor degeneration and rescue by cell trans-
plants. Vision Research, 44, 9–18.
Vollrath, D., Feng, W., Duncan, J. L., Yasumura, D., DCruz, P. M.,
Chappelow, A., et al. (2001). Correction of the retinal dystrophy
phenotype of the RCS rat by viral gene transfer of Mertk.
Proceedings of the National Academy of Sciences USA, 98,
12584–12589.
